accession numbers: JN596964 (Cy-gala-ash), JN596966 (Cy-gala-cat), JN596967 (Cy-24 gala-gol), JN596968 (Cy-gala-lon) 25 26 27 2 ABSTRACT 28 29 Cyathostomins are ubiquitous pathogenic nematodes of horses. Once ingested, these 30 parasites can spend a substantial part of their life cycle as encysted larvae in the large 31 intestinal wall. The larvae can comprise up to 90% of the total cyathostomin burden, with 32 up to several million worms reported in some individuals. These developmental stages are 33 pivotal in cyathostomin pathogenicity as they can emerge from the intestinal wall in large 34 numbers to cause a life-threatening colitis. Direct methods for the detection of encysted 35 larval burdens in live horses do not exist. Previously, two native antigen complexes were 36 identified as promising markers for infection. A component of these, cyathostomin gut 37 associated larval antigen-1 (Cy-GALA-1), was subsequently identified following the 38 immunoscreening of a complementary (c)DNA library using sera from infected ponies. 39 Serum IgG(T) responses to recombinant Cy-GALA-1 were shown to inform on encysted 40 larval infection. Sequence analysis of PCR products amplified from DNA from individual 41 identified worms indicated that Cy-GALA-1 was derived from the common species, 42 Cyathostomum pateratum. As cyathostomin infections always comprise multiple species, 43 a diagnostic test must account for this. Here, segments of the orthologous Cy-gala gene 44 were isolated from four additional common species, Cyathostomum catinatum, 45 Cylicocyclus ashworthi, Cylicostephanus goldi and Cylicostephanus longibursatus and the 46 associated proteins expressed in recombinant form. The cyathostomin specificity and 47 immunogenicity of each recombinant protein was confirmed. Each GALA protein was 48 assessed by ELISA for its predictive ability for informing on the presence of encysted 49 larval infection and the level of burden.
, with several studies reporting a shortened strongyle egg 81 reappearance period following ivermectin (Geurden et al 2014; Relf et al., 2014) and 82 moxidectin (Rossano et al., 2010; Relf et al., 2014) treatment. A shortened helminth egg 83 reappearance period is generally regarded as an early indicator of resistance (Sangster, 84 1999), highlighting the threat of cyathostomin resistance to all available classes of broad 85 spectrum anthelmintic. 86 Anthelmintic targeting of cyathostomin encysted larvae is now common practice in 87 equine helminth control programmes (Stratford et al., 2014) .
Moxidectin and 88 fenbendazole (administered over 5 consecutive days) are registered for this purpose 89 (Matthews, 2008) ; however, because of high levels of resistance to fenbendazole, 90 moxidectin is the only remaining compound effective against encysted larval stages, so its 91 efficacy needs to be preserved. To address this, a reduction in treatment frequency is 92 recommended (Matthews, 2014) . This can be achieved by improving grazing practices to 93 reduce cyathostomin transmission via the environment, combined with specific targeting 94 of treatments based on strongyle egg shedding (Nielsen et al., 2006; Nielsen et al., 2014; 95 Lester and Matthews, 2014). Such protocols do not address the presence of encysted 96 larvae within individuals. Indeed, horses with sizeable encysted larval burdens often have 97 no or low egg shedding (Dowdall et al., 2002) . Because of these issues, a test that informs 98 on the presence or burden of encysted larvae would facilitate anthelmintic targeting of 99 these stages and would also assist in the definitive diagnosis of larval cyathostominosis, a 100 challenge in practice due to the non-specific nature of the associated clinical signs (Giles   101   et al., 1985) . Previously, these authors identified two native antigen complexes that 102 showed promise as diagnostic markers of encysted larval infection (Dowdall et al., 2002, were insoluble so were prepared and stored in the presence of 8M urea as above.
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Nucleotide and amino acid sequence alignments were performed using ClustalW2 (Larkin Once the immunogenicity and specificity of each of the four new GALA proteins was 239 confirmed by immunoblotting, the ELISA was used to evaluate serum IgG(T) levels to 240 each. Serum IgG(T) responses to rCy-GALA-pat were compared in these studies also.
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Antigen-specific IgG(T) levels were assessed in cohorts of horses from the UK (UK+) and Love, 1997). Cyathostomin burdens in these horses were quantified with the TMB and 246 total worm burden (TWB) calculated as described previously (Dowdall et al., 2004) .
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Antigen-specific IgG(T) levels were also measured in 11 larval cyathostominosis cases with the inidivual rGALA antigens at 2 µg/ml. Each well was coated with 100 µl of excellent level of discrimination between positive and negative results; AUC = 0.8-0.9 289 good discrimination; AUC = 0.7-0.8 fair discrimination; AUC = 0.6-0.7 poor 290 discrimination and AUC = 0.5-0.6 no discrimination (Swets, 1988) . The ELISA data were 291 subjected to ROC analysis using Prism 6 (Graphpad Software Inc, USA). (Table 1) indicated that the sequences were between 83.3% (Cy-GALA-ash) and Reinemeyer et al., 1984; Krecek et al., 1989; Mfitilodze and Hutchinson, 1990; Gawor, 1995; Boxell et al., 2004; Collobert-Laugier et al., 2002; Traversa et al., 2010) . As infection), it was found to have a very high (>700,000 cyathostomin larvae) burden, but a Table 3 ). The AUC values obtained were similar for all 454 five rGALA proteins. When horses were stratified on the basis of mucosal larval burden 455 (Table 4) objective of ours will be to investigate the dynamics of circulating rGALA protein-specific serum IgG(T) after anthelmintic treatments known to be effective against encysted larval of the five rGALA proteins, and combinations thereof, will now be assessed to see which 494 should be combined to optimise the test to commercialisation. A balance will need to be 495 struck between the resource required to generated each recombinant protein and the 496 diagnostic value provided by the various rGALA combinations. Once the final cocktail is 497 selected, a large cohort of sera from naturally-infected horses will be tested to examine 498 how many individuals fall above and below the selected cut-offs for 0 TMB and 5,000 499 TMB.
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